The objective of this study was to evaluate the association between HIV infection and hypertensive disorders of pregnancy, comparing the rates of preeclampsia and gestational hypertension in a HIV-infected pregnant group and in a HIV-negative control pregnant group matched for age and parity. Furthermore, we aimed to compare the rates of hypertensive disorders in a subgroup of HIV-positive and HIV-negative African-American Black women. Patients and Methods: This was a prospective observational cohort study conducted at two University Departments of Obstetrics and Gynecology, Salesi Hospital, Ancona, and Sant'Orsola Hospital, Bologna. The HIV-infected patients' group consisted of 126 pregnant women; 140 HIV-negative pregnant women matched for age and parity served as controls. Gestational hypertension and preeclampsia were diagnosed according to NHBPEP-ISSHP criteria. Categorical data were analyzed using the Fisher exact test. Statistical significance was set at a p value < 0.05. Results: Gestational hypertension and preeclampsia were diagnosed in 3 of 126 HIV-positive patients (2.38%) and in 14 of 140 HIV-negative patients (10%), with a relative risk of 0.24 (p = 0.0112). In the subgroup of African-American Black women, gestational hypertension and preeclampsia were diagnosed in 2 out of 43 HIV-positive (4.7%) and in 3 out of 18 HIV-negative patients (16.7%) with a relative risk of 0.28, not statistically significant (p = 0.1887). Conclusion: Pregnant women with HIV infection seem to be protected against gestational hypertension and preeclampsia and this protective effect remains also in a high risk population, such as African-American Black ethnic group. The effect is present independently from treatment received and virus copies. The lack of immune response present since the conception period should account for unopposed trophoblast invasion resulting in a better placentation.
Introduction
Hypertensive disorders in pregnancy are a leading direct cause of maternal and perinatal morbidity and mortality in the developed [1] [2] and developing world [3] - [6] ; they are common obstetric complications [7] -[10] with a reported incidence of approximately 10% among pregnancies [11] [12] .
It is well documented that genetic [13] [14] and socio-demographic factors, such as ethnic group, have an influence on the incidence of preeclampsia and gestational hypertension [15] ; in African-American Black women the incidence of preeclampsia is much higher and it has a much more aggressive and rapid clinical course of presentation, leading to significant mortality [16] - [19] .
Preeclampsia is characterized by impaired placentation and it involves an enhanced maternal systemic inflammatory response [20] associated with diffuse endothelial cell activation, but the current understanding of the aetiology of preeclampsia still remains unclear [21] - [24] . It is believed that immunological factors may be involved in initiating the cascade of events that cause placental maladaptation. The role of the immune system as an etiological factor was first proposed by Need [25] and expanded upon by other authors [26] - [28] . According to this hypothesis, some authors postulated that the frequency of preeclampsia may be affected by immunosuppressive conditions, such as human immunodeficiency virus (HIV) infection and acquired immunodeficiency syndrome (AIDS).
Not long after AIDS was first described in 1981, pregnancies in HIV-positive women were studied and the possibility of mother-to-child transmission of the new syndrome was proposed [29] [30] ; concerted research efforts have brought about a dramatic decrease in such transmission, at least in the industrialized world, with interventions such as combination of antiretroviral prophylaxis and highly active antiretroviral therapy throughout pregnancy, elective cesarean delivery and avoidance of breast-feeding [31] [32] .
The risk of perinatal HIV transmission can be reduced substantially to <1% -2% [33] - [37] , whereas evidence indicates that, in the absence of any interventions, 15% -40% of infants born to HIV-infected mothers will become infected with HIV [33] [38] .
Current recommendations for treatment of HIV infection in pregnant women are the same as those for the initiation of treatment in non-pregnant individuals: treatment is recommended for all individuals with a CD4+ cell count of <200/mm 3 or an AIDS-defining illness and should be considered for individuals with a CD4+ cell count of <350/mm 3 [39] . Standard treatment is highly active antiretroviral therapy (HAART) with >3 drugs [40] . For HIV-infected pregnant women who do not require therapy for their own health, antiretroviral drugs are recommended for the prevention of mother-to-child transmission; for women who are receiving antiretroviral drugs solely for prevention of perinatal transmission, delaying initiation of prophylaxis until after the first trimester can be considered.
The impact of the HIV infection on pregnancy complications has also been studied; some studies have evaluated maternal immune response to HIV infection in pregnancy and investigated whether its represents a risk factor for adverse outcome, however controversial results have been obtained [41] .
Data on the impact of HIV on the rate of preeclampsia are few and conflicting. There is no consensus as to whether HIV-infected women are at a lower, equal or higher risk of developing preeclampsia than the general population.
The objective of this study was to evaluate the association between HIV infection and hypertensive disorders of pregnancy, comparing the rates of preeclampsia and gestational hypertension in a HIV-infected pregnant group and in a HIV-negative control pregnant group matched for age and parity. Furthermore, we aim to compare rates of hypertensive disorders in a subgroup of HIV-positive and HIV-negative African-American Black women, a population in which HIV infection has high prevalence rates [42] - [46] . One more objective was to evaluate the possible impact of antiretroviral therapy and immunological status in pre-conceptional period, or at least at the beginning of pregnancy, through the CD4+ cell count, on the incidence of hypertensive disorders.
Patients and Methods
This was a prospective observational cohort study conducted at two University Departments of Obstetrics and Gynecology, Salesi Hospital, Ancona, and Sant'Orsola Hospital, Bologna, both tertiary hospitals with high risk obstetrical unit. The patients group comprised 126 HIV-infected pregnant women followed subsequently between 2004 and 2012 (excluding cases of spontaneous abortions, voluntary interruptions and therapeutic abortions). These patients were group matched for age and parity with 140 HIV-negative pregnant women followed between 2010 and 2012.
The inclusion criteria were known HIV status and singleton pregnancy; the exclusion criteria were preeclampsia or gestational hypertension in a previous pregnancy and chronic medical conditions, as chronic hypertension, diabetes, renal disease and connective-tissue disease. In addition, to rule out chronic hypertension, women whose high blood pressure had not returned to normal values after delivery were excluded from the study.
With the exclusion of the diagnosis of HIV, the inclusion and exclusion criteria of the controls were similar to those of the cases.
HIV-infected women were followed according to standard protocols. We recorded socio-demographic data and informations about clinical status, maternal antiretroviral therapy (ART), virological and immunological status, route of transmission, HIV status of the partner, and concomitant infectious diseases. Stage of infection was classified according to the 1993 Centers for Disease Control and Prevention (CDC) classification [47] . Data on pregnancy and delivery were recorded.
Gestational hypertension and preeclampsia were diagnosed according to NHBPEP-ISSHP criteria [8] [10].
Statistical Analysis
Statistical analysis was carried out using GraphPad software. Data are expressed as media and standard deviation or n (%). Categorical data were analyzed using the Fisher exact test. Continuous data were analyzed using student's T test for parametric and the Mann-Whitney-U test for nonparametric data. Statistical significance was set at a p value < 0.05.
Results
There were no statistically significant differences in parity, maternal age, BMI in patient profiles between both HIV-positive and HIV-negative groups. According to ethnic group, higher prevalence of African-American Black women was observed in the HIV-positive group. The socio-demographic characteristics of the women are summarized in Table 1 . Gestational hypertension and preeclampsia were diagnosed in 3 of 126 HIV-positive patients (2.38%) and in 14 of 140 HIV-negative patients (10%), with a relative risk of 0.24 (p = 0.0112) (Figure 1) .
Gestational hypertension and preeclampsia were diagnosed in 2 out of 43 HIV-positive African-American Black women (4.7%) and in only 1 out of 82 HIV-positive Caucasian white women (1.2%), with a relative risk of 0.17, although it is not statistically significant (p = 0.114).
In the subgroup of African-American Black women, 43 patients were HIV-infected and 18 were HIV-negative. Gestational hypertension and preeclampsia were diagnosed in 2 out of 43 HIV-positive (4.7%) and in 3 out of 18 HIV-negative patients (16.7%) with a relative risk of 0.28, although it is not statistically significant (p = 0.1887) (Figure 2 ).
There were no difference on rates of gestational hypertension and preeclampsia in women who started treatment during pregnancy (after the first trimester) and in women already treated before pregnancy (n.s.; p = 0.2575) (Figure 3) .
Furthermore, all HIV-positive women who develop gestational hypertension or preeclampsia had a CD4+ cell count > 500/mm 3 (class A) in pre-conceptional period; the results of CD4+ cell count were instead available in only 64 patients who do not develop gestational hypertension or preeclampsia; among these, 32 were in class A (CD4+ > 500/mm 3 ), 27 in class B (200/mm 3 < CD4+ > 499/mm 3 ), and 5 in class C (CD4+ < 200/mm 3 ) (data not shown).
Discussion
Our results suggest that the rate of gestational hypertension and preeclampsia is significantly lower in HIV-infected women than in controls matched for age and parity. We prospectively analyzed women enrolled at two Italian hospital, both tertiary centers with high risk obstetrical unit, with a high prevalence of obstetrical complications.
As far as we know, this is the first report that analyzes association of HIV infection with both gestational hypertension and preeclampsia. We also excluded, among cases and controls, patients with chronic hypertension to rule out any risk factors linked to this previous medical condition. Association of HIV infection with different rate of preeclampsia was first investigated by Wimalasundera et al. in 2002 [48] , but they found an association with lower rate of preeclampsia only in untreated HIV-positive women, with a borderline significance. They stratified by treatment their 214 HIV-positive women and they showed that within the HIV-positive cohort the rate of preeclampsia was significantly lower in women who were untreated or on mono or dual therapy than in women who took triple ART; on the contrary, compared with the HIV-negative control cohort of 214 women, there was no significant difference in the rate of preeclampsia with triple ART, or with mono or dual therapy.
A similarly low rate (0.8%, five of 634 cases) has been recorded in a demographically comparable, predominantly untreated, HIV-positive cohort in the USA [49] .
Our data disagree with Wimalasundera's observations, although they are incomparable because all our patients were receiving HAART and were well controlled. Our results also showed that there were no difference on rates of gestational hypertension and preeclampsia in women who started treatment during pregnancy (after the first trimester) and in women already treated before pregnancy.
A lower rate of preeclampsia in HIV-infected pregnant women is also reported by few other previous studies [50] - [52] .
De Groot et al. [50] in a South African case-control study evaluated the effect of HIV-infection on the clinical course of 440 critically ill obstetrical patients and they showed that more complications occurred in the HIVnegative group: eclampsia recorded for the HIV-negative group was 17.1% and 4.7% for the HIV-positive group (p = 0.04; 95% CI: 17.1-0.9) and lung edema was 18.2% and 6.2%, respectively (p = 0.01; 95% CI: 19.3 -3.5); preeclampsia also occurred more often in the HIV-positive group, although it was not statistically significant.
A Brazilian study by Mattar et al. [51] compared 123 HIV-positive women receiving mono-therapy or HAART to 1708 healthy controls and a lower rate of preeclampsia in HIV group (0.8%) was detected as compared to controls (10.6%) (Fisher exact test p 1/4 0:0017).
Even thought with a different approach, Kalumba et al. in a retrospective recent study [52] found that the rate of HIV/AIDS was lower in a preeclamptic group of 492 cases than in a control group of 500 normotensive healthy pregnant women (p = 0.005, OR = 0.658).
Also Martinelli et al. [53] reported few cases of preeclampsia in their epidemiological survey on HIV infection (only two cases among 159 HIV-positive women).
On the contrary, our findings are different from those of other studies that failed to show any association between HIV infection and preeclampsia.
A large South African study by Frank et al. [54] showed that the rates of preeclampsia-eclampsia were 5.2% in HIV-negative and 5.7% in untreated HIV-positive women (p = 0.61), showing no reduction in the risk of developing preeclampsia-eclampsia amongst untreated HIV-positive women.
A similar result was reported by Bodkin et al. [55] : they compared 212 HIV positive pregnant women with 101 controls and they did not show any difference in the prevalence of eclampsia (2.83 vs. 0.99%; p = 0.44).
A Spanish group [56] even reported a significant higher risk for preeclampsia (adjusted OR, 5.6; 95% CI, 1.7 -18.1; p = 0.004) and fetal death in HIV-positive women treated with HAART prior to pregnancy and a very low rate of preeclampsia among HIV-infected women who were not on HAART.
In [58] reported no difference in hospitalization rates for preeclampsia between HIV-infected women and uninfected women.
In the AmRo study performed in the Netherlands to explore the pregnancy outcome of HIV-1 positive and negative women [59] the incidence of preeclampsia did not differ significantly (2% versus 1%, respectively); this was a case-control study where the 143 HIV-infected women received different forms of HAART and were compared to 98 controls.
Another report with a discordant result was a recent study by Boyajian [60] : 91 HIV-positive pregnant women receiving HAART and 273 HIV-negative pregnant women were compared; there was no difference in the odds of preeclampsia (3.3% vs. 5.1%; adjusted odds ratio [aOR] 0.59; 95% CI 0.11 to 3.08).
The results from various studies are conflicting, probably due to differences in study design, approach and study population, since some studies included patients with underlying chronic medical conditions; another significant difference is in population treatment, because in more recent studies, subsequent to improvements in clinical care, the proportion of infected pregnant women receiving antiretroviral treatment greatly increased.
Many of the previous cited studies are conducted in African hospitals [50] [52] [54] [55], but there are no studies that compared rates of preeclampsia in HIV-positive women of different ethnic group. We showed a trend of a higher rate of hypertensive complications in HIV-positive African-American Black women compared to HIV-positive Caucasian white women, and a trend of a lower rate of gestational hypertension and preeclampsia in African-American Black HIV-positive women compared to HIV-negative women of the same ethnic group.
Black race is known to be a factor that may predispose to hypertensive disorders of pregnancy, although the association between Black race and preeclampsia may partially be explained by the high prevalence of obesity and chronic hypertension in this population.
African-American Black women have higher rates of preeclampsia and higher prevalence of preeclampsia risk factors (e.g., elevated BMI) than Caucasians [17] - [19] [61] .
In Central and South Africa, rates of HIV infection are very high [5] [42] - [46] . Hence, African-American Black people represent an ideal population for studies involving HIV and preeclampsia.
The pathophysiological basis of the association between HIV infection and hypertensive disorders in pregnancy remains to be clarified. Our results confirmed that HIV infected pregnant women have probably some immunological features that protect them to hypertensive complications, even in a high risk group such as African-American Black women.
The immunological hypothesis of the origin of preeclampsia was first analyzed by Need in 1975 [25] and then expanded by other authors [26] - [28] ; their hypothesis was that the induction of the immune tolerance should be brought about by contact between paternal antigens and the female genital tract through sexual intercourse and that semen should trigger an influx of antigen-presenting cells into the female genital tract, so that primipaternity and short duration of exposure to sperm antigens should be risk factors for preeclampsia [62] .
Preeclampsia is furthermore characterized by immunological abnormalities which show analogies to organ rejection after allograft transplantation and in graft-versus-host disease (GVHD) [63] .
The fetus in half of its antigenicity is a paternal allograft and it is not rejected by the maternal immune system, even if mechanisms are still not well understood [20] [64]- [67] .
Women who conceive through in vitro fertilization (IVF), using surgically obtained semen from initially azoospermic males (these women of course have not been previously exposed to their partners' semen), demonstrate a 3-fold increase in preeclampsia [68] and IVF cycles involving donated gametes also demonstrate a significantly elevated rate of preeclampsia [69] - [71] .
The fetus is, of course, not only an allograft but also an autograft [64] and the immune system's adjustment to pregnancy, therefore, does not only involve tolerance of the paternal allogenic, but also of the maternal autoimmunogenic, components of the fetus.
All these concepts supported our observation that HIV-infected pregnant women had a decreased prevalence of hypertensive disorders than controls, also because the immunologic impairment with HIV is mostly of cellular nature.
Another correlated hypothesis on the basis of the association between HIV infection and risk of preeclampsia is that normal pregnancy itself is a pro-inflammatory state and that preeclampsia might be an exaggeration of this maternal inflammatory response [20] [72] . It has been proposed that successful pregnancy may depend, at least in part, on the bias of the maternal immune response shifting away from cell mediated inflammatory T-helper-1 type responses towards a T-helper-2 phenotype with humoral responses [67] [73]- [75] . Some data suggest that HIV infection in pregnancy accentuate this Th2 state. On the other hand, preeclampsia seems to be due to an excessive maternal inflammatory response to pregnancy and it is characterized by Th1 cytokine pattern.
Therefore, under conditions of acquired or induced immune deficiency such as the state induced by the human immunodeficiency virus, not only immune hyper-reactivity but also inflammatory responses may be inhibited and thus development of preeclampsia prevented.
We also analyzed immunological status of our study population through CD4+ cell count during pre-conceptional period, or at least at the beginning of pregnancy, but our data were uncompleted. However we founded a good immunological status (CD4+ > 500 mm 3 ) in all our HIV-positive women who develop gestational hypertension or preeclampsia.
Few previous studies on the association between HIV and preeclampsia reported CD4+ cell count results in HIV-infected women and however data were often available for a small proportion of women [51] [52] [54] . Mattar et al. [51] reported in their patients group of 123 treated HIV seropositive women a mean value of CD4+ at the time of delivery of 510 (200 -1378) with a median of 531; they detected a lower incidence of preeclampsia in HIV group (0.8%) as compared to controls (10.6%), but they not compared CD4+ cell count levels between groups.
Only in the study from Kalumba et al. [52] the CD4+ count levels between the preeclamptic and control groups were compared to test the hypothesis that immune-suppression could have a protective effect against preeclampsia. However, the results of the CD4+ cell count were available in only 66 cases (of a total of 492 preeclamptic HIV-positive women) and 75 controls (HIV-positive women without preeclampsia). The median CD4+ count was lower in the control group without preeclampsia (median CD4+ count = 208 cells/μl) than in the preeclamptic women (median CD4+ count = 304 cells/μl) (p = 0.008), suggesting that among HIV-infected women, the immunity was less affected in those who developed preeclampsia.
Conclusion
According to our data, some immunological features of even treated HIV-positive pregnant women seem to be protective to hypertensive disorders of pregnancy and this could give new insight into the pathophysiological mechanisms of preeclampsia. Pregnant women with HIV infection seem to be protected against gestational hypertension and preeclampsia and this protective effect remains also in a high risk population, such as AfricanAmerican Black ethnic group. The effect is present independently from treatment received and immunological status. The lack of immune response since the conception period should account for unopposed trophoblast invasion resulting in a better placentation.
